Behavior problems are common among children and place a high disease and financial burden on individuals and society. Parenting interventions are commonly used to prevent such problems, but little is known about their possible longer-term economic benefits. This study modelled the longer-term cost-effectiveness of five parenting interventions delivered in a Swedish context: Comet, Connect, the Incredible Years (IY), COPE, bibliotherapy, and a waitlist control, for the prevention of persistent behavior problems.
Introduction
The European Union (EU) [1] , as well as the Lancet Psychiatry Commission [2] , emphasize the increasing need to focus on sustainable mental health related promotion, disease prevention and its economic benefits. A mean towards this end is to identify effective interventions and, against competing demands, allocate scarce resources to produce the best value-formoney. In Sweden, it is suggested that an increasing amount of resources ought to be directed towards psychiatric services [3] , especially preventive strategies. However, for sustainable health promotion, a longer-term efficiency perspective is needed [4] .
Mental health related problems may arise in childhood and early adolescence, with as much as half of all cases developing to chronic disorders starting before the age of 14 [5] . Among those peaking in the early ages of life are externalizing behaviour problems [6] , such as inattention, hyperactivity, oppositional or deviant behaviour. Somewhere between 5-20% of children and young adolescents experience conduct problems (CP) [7] or attention-deficit and hyperactivity problems (ADHP) [8] . Pathological behavior's such as these often co-exist [8] , especially in children with an early age of onset [9] . Externalizing problems augment the risk of several consequences arising later in life, including school drop-out, alcohol and drug abuse, and antisocial and criminal behaviour [10, 11] . This places a high disease burden on individuals, but also a financial burden on them, their families and society. Scott et al. [12] estimated that children with CP followed until the age of 28 cost the society three and a half times higher than children without problems.
Reasonably, due to the high risks in early childhood for prolonged problems, coexistence of problems and related risks in adulthood, early interventions are key. As children spend a large amount of time in their family environment, it is an important platform for prevention [13] . One such way is by strengthening parenting management skills and the parent-child relationship, which has shown to reduce child behaviour problems [14, 15] with effects persisting at least up to three years post intervention [16] . In Sweden, parenting interventions are offered by most local authorities to parents that experience difficulties in managing their children [17] . For children whose parents seek help through child and adolescent psychiatric services, a recommended first line approach is in fact parenting programs [18] .
The cost of delivering parenting interventions is relatively low, with group-based interventions costing on average per child US$ 135 for 1-2-3 Magic parenting program [19] and up to US$ 1,890 for the Incredible Years (IY) [20] . We also know from economic evaluations that most parenting interventions delivered as indicated prevention are cost-effective and that investments in such may improve health-related quality of life [19, [21] [22] [23] . Attempts have previously been made to forecast the longer-term economic gains of parenting interventions, such as the IY program [20] and Triple P [24, 25] . Results show that they may generate future health, economic and societal returns.
A randomized controlled trial (RCT) in Sweden investigating the impact of several parenting interventions shows that almost all are effective at reducing externalizing problems in comparison to a waitlist control [26] . A separate study looking at the economic credentials of these interventions concludes that the interventions significantly reduce externalizing problems at modest costs [27] . However, the study is limited in that it only considers post-test effects, did not include resource use, and did not use a multi-attribute utility instrument (MAUI) to estimate health related quality of life. This limits the possibility of drawing conclusions as there is no established willingness-to-pay for a reduction in symptom levels of behaviour problems. In relation to these limitations, we intend to build on the effectiveness and cost-effectiveness of the trial to determine whether these programs are cost-effective in a longer-run perspective, including a longer-term follow-up of effects, resource use and DALYs, to inform decision makers within public health.
Aim of the Study
The aim was to forecast the longer-term cost-effectiveness of five parenting interventions delivered in a Swedish context; COPE, Connect, Comet and the IY, a self-help book, and a waitlist control, for the prevention of persistent externalizing behaviour problems-CP, ADHP, and co-existing ADHP/CP.
Methods

Economic evaluation framework
A long-term economic evaluation was conducted, comparing five different types of parenting interventions to a waitlist control, for the prevention of persistent externalizing behaviours in 5-12 year old children. The evaluation forecasted the potential benefits and costs to the children until end of childhood (18 years of age) through a health state-transition model. Intervention effects and costs, as well as some epidemiological data were derived from the original trial [26] . Secondary epidemiological data was collected from the global burden of disease (GBD) [28] , and costs related to externalizing behaviours were estimated from the published literature. Costs and health outcomes were discounted at a rate of 3% per annum with respect to the reference year 2015 in the base case analysis [29] . Health outcomes were estimated as disability-adjusted life-years (DALYs). All prices were converted to 2015 US$ using purchasing power parities. Model parameters are found in Table 1 and sources, specific estimations, analyses and assumptions are further explained in a technical report [30] . Modelling results are presented as average DALYs and average total costs (for the intervention and costs related to the problems) per individual, for each arm. Incremental cost-effectiveness ratios (ICERs) were estimated for each active intervention in comparison to the control, producing estimates of the net costs per averted DALY. Furthermore, interventions were compared to each other and ranked according to the principle of extended dominance [31] . An ICER was calculated for the two best ranked alternatives. A willingness-to-pay (WTP) threshold of US$ 80,000 [32] per averted DALY was used to assess cost-effectiveness, as this level represents what is normally accepted for reimbursement of new pharmaceuticals in Sweden.
Interventions evaluated
This economic evaluation included the following arms; the parenting programs COPE [33], Connect [34] , Comet [35] and the Incredible Years (IY) [36] , a self-help parenting management book (bibliotherapy) called "Five times more love" [37] , and a waitlist control. COPE, Comet and the IY aim to improve children's emotional skills and regulation by promoting cooperative behaviour, ignoring inappropriate behaviours, and using limit setting, rules and routines. Connect, on the other hand, builds upon the parent-child relationship and focuses on creating empathy, adjusting child behaviour and changing emotional responses. The selfhelp book was given to parents to improve parenting strategies on their own, and is based on the same principles as Comet. More detailed information regarding the different interventions can be found in Table 1 .
Study population
The original trial was implemented in a non-clinical setting through local communities in Sweden, which before the start of the trial offered at least two of the four parenting programs.
Hence, effectiveness of the interventions was evaluated as if delivered in a real life setting. Interventions targeted parents of 3-12 year old children who experienced externalizing problems. A total of 1,104 parents were eligible and randomized in the trial. For children 3-8, parents were randomized to Comet (n = 207), COPE (n = 202) and the IY (n = 122). For children aged 9-12, randomization was done between Comet, COPE and Connect (n = 218). For bibliotherapy (n = 196) and the control group (n = 159), no age-restrictions were made. The IY had lower number of parents attending the intervention due to organizational problems and the geographical location of the sites offering the intervention. In addition to screening positive for externalizing problems, 48% of parents reported that their child had an ADHD diagnosis. No other diagnoses comprised more than 3%. Almost half (45.5%) of the parents had university level education, while 9% had only completed compulsory school education. Around 6% of parents were in the lowest income bracket (roughly USD$ 0-1000 per month). 89% of parents were born in a Scandinavian country. A majority of the sample of children were male. Further information regarding the randomization process, sample and attrition details and analysis can be found in the original trial [26] .
Data inputs for the model
Retrieved from the trial-epidemiology, effects and costs. The trial was approved by an ethics committee (Ethical approval number: DNR 2009/254) and all the data outlined in this section was collected from the same trial. Parent reported data were collected at baseline, four Long-term cost-effectiveness of parenting interventions months after baseline (post-test) and two years after the intervention (follow-up), which included measures of child externalizing problems. The waitlist control was only held for four months. Therefore, the follow-up data only provided an indication of the stability of the effects of each intervention following the post-test measurement, without a comparison to the control. We used data from children between the ages 5-12, and conservatively excluded 3-4 year olds from the analyses due to data regarding resource use being unavailable for children with behavioural problems below the age of five. Hence, 160 children were excluded from the original trial sample and analyses were based on intention-to-treat with data from the randomized 944 individuals. Health outcomes were related to parent-reported ADHP and CP. The Eyberg Child Behavior Inventory (ECBI) [42] was used to measure intensity and problems related to CP, while two subscales from the Swanson, Nolan and Pelham Scale (SNAP-IV) [43] were used to rate ADHP. Although not used as instruments for establishing diagnoses, their available cut-offs values were used as a proxy for clinical levels of either conduct -or hyperactivity/impulsivity problems, which has been used previously [44, 45] . We used the Clinically Significant Reliable Change Index (CS/RCI) [46] to estimate the amount of "recovered" cases in each trial arm, a method also used in the short-term cost-effectiveness study [27] . These were individuals (cases) remitted from any or both of the clinical levels of the problems, hence individuals were prevented from persisting with problems. Post-test rates were re-estimated to monthly rates and thereafter extrapolated to one-year probabilities as yearly cycle transitions were used in the state-transition model. The effects (proportion of recovered cases) are reported in Table 2 . Using the CS/RCI method, we also estimated incidence and remission probabilities based on transitioning from clinical to non-clinical levels (recovered cases) for individuals in the control group, between baseline and post-test. These probabilities were also extrapolated to one-year probabilities. Incidence and remission probabilities were used in the decision-analytic model to inform yearly transition probabilities between health states.
Costs related to delivering the various interventions were based on the original trial and estimated in the short-term cost-effectiveness study [27] . In the base case analysis, intervention costs were calculated based on all randomized parents (n = 944). However, as cost per child would be higher the fewer the parents attending the interventions', one sensitivity analysis explored the impact of modelling only parents who completed the interventions (or read the full book) (n = 546) [27] . Intervention costs can be found in Table 3 .
Retrieved from the literature-epidemiology, cost offsets and DALYs
We collected disease and Swedish specific epidemiological data for conduct disorder and ADHD, corresponding to prevalence and incidence, from the GBD [48] . We retrieved data for five-year age groups between the ages 1-19 and interpolated the data with the use of EpigearXL [57] to obtain age-specific estimates. Data on remission from the disorders were derived from the literature and average annual remission probabilities were estimated. In addition, we used data from the literature to estimate co-existence between ADHD/conduct disorder. This data were collected to inform transition probabilities between health states in the model. All data, as well as search results, data extraction and analyses of remission probabilities and co-existing ADHD/conduct disorder are presented and explained more in detail in a technical report [30] . All cause mortality was estimated from national statistics [47] .
Costs related to ADHP, CP and comorbid ADHP/CP were based on cost of illness studies conducted in a European setting, assuming a potential similarity to the Swedish welfare system. An attempt was made to include the full societal impact of externalizing behaviour problems, however estimation of cost offsets were limited to the health care and educational sector due to lack of data for other sectors and payers. Costs were collected for a population of children aged 5-18 years old, as the model follows individuals between these ages. Due to a limited number of studies, average costs were estimated for this age range, hence no age-specific costs were used. Costs in the included studies were yearly costs per child, which were applied in every yearly cycle in the model until the child reached 18 years of age. A full description of the steps taken and assumptions made regarding the calculation of the costs is presented in the technical report [30] . No studies were found looking at the costs for co-existing ADHP/CP. Notes. GBD = Global Burden of Disease; ADHP = Attention-Deficit/Hyperactivity problems; CP = Conduct problems; CI = Confidence interval. a All epidemiological inputs (except for population) in the table are averages between ages 5-18. In the decision analytic model, specific age probabilities were used.
These are based on the trial and national epidemiological data, which is explained further in the technical report [30].
b As per the 2015 GBD study, case fatality was zero. c Effects are based on the post-test measurement (at four months post baseline) which were extrapolated to correspond to one year probabilities. All effects are reported as proportions of recovered cases, which were applied to the prevalence of each problem at the first (for post-test) and second cycle (for the two-year follow-up).
Difference between intervention and control group effects were measured with chi-squared tests. d The effect is based on the two-year follow up. Because of the lack of a control group after the post-test time point, the probability estimate at post-test from the waitlist control has been used at the two-year time point as well, assuming a linear probability of remission. e Due to the lack of cost data for the comorbid state ADHP/CP, it was conservatively assumed that the resource use by the these individuals mirrored the lowest cost estimated for either ADHP or CP, although clinically it may make more sense that the higher cost would be more likely to be incurred by these individuals. � p< .05, two-tailed https://doi.org/10.1371/journal.pone.0225503.t002
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Therefore, we took a conservative approach and used the lowest cost found for either ADHP or CP. Table 2 includes the cost inputs and their corresponding sources. Averted DALYs were used as the primary health outcome (disability weights were connected to the prevalence of the problems in each "problem" health state) and retrieved from the GBD study [58] . Case fatality was not accounted for in the model due to the lack of mortality related to the problems, hence DALYs were equivalent to years lived with disability.
Health state transition model
A decision analytic multiple-cohort Markov model was developed to simulate the epidemiological pathways between non-chronic externalizing behaviour problems of an individual receiving any of the five parenting interventions or the waitlist control. The study modelled age-specific cohorts separately until the age of 18 and transitions between health states were done on an annual basis. Different cohorts were modelled for each intervention as interventions were provided to different age-groups, as explained previously. For instance, an These are averages times during the trial, which were somewhat higher than the stipulated times reported in Table 1 .
https://doi.org/10.1371/journal.pone.0225503.t003
Long-term cost-effectiveness of parenting interventions individual aged between 5-8 years old was modelled up to the age of 18 for the IY program. The total amount of cycles depended on the starting age-from a minimum of six cycles (for a 12 year old) to 13 cycles (for a five year old). Results represent an average of the modelled aged. We modelled five different health states-sub-threshold population (below clinical cutoff), problems (clinical levels of ADHP, CP or co-existing ADHP/CP) and the absorbing dead state. At the starting cycle (year zero), the problem states included the proportion of individuals who had clinical levels of ADHP, CP and co-existing ADHD/CP estimated from the full trial sample, while the remaining population was in the sub-threshold state (see Fig 1 for a conceptual model of the health states and ways to transition between them). The probabilities of transitioning between states in consecutive cycles were estimated based on 1) data from the trial (incidence and remission as explained earlier) which was amended using the retrieved 2) data from the GBD and Swedish national statistics [47, 48] . Firstly, the trial sample was not large enough to estimate age-specific probabilities, hence we only had an age-average estimate of prevalence, incidence and remission. Secondly, as we modelled an individual until 18 years of age, additional data were needed for ages older than those included in the trial. As we modelled externalizing problems rather than disorders, solely using GBD data (which is reported for disorders only) would have underestimated prevalence and incidence, since the group of children already had externalizing problems at start. We therefore used information from both the trial and the GBD to calculate transition probabilities. How this was done is explained further in a technical report [30] .
Uncertainty and Sensitivity analyses
A probabilistic sensitivity analysis was conducted to account for uncertainty around model parameters, included in Table 1 . We used Microsoft Excel 2016 to run Monte Carlo simulations with 1000 iterations. Univariate sensitivity analyses for certain parameters were run to estimate the impact of: (1) including only the "paying agency" perspective (hence only using educational sector costs), (2) using both "recovered" and "improved" cases in the estimation of effects, (3) doubling the intervention costs (4) using only post-test effect size measures (applied in the first cycle only), (5) applying a smaller, 0%, (6) and a larger, 6%, discount rate to both costs and effects and (7) including only intervention completers in the analysis and (8) using a shorter time horizon of four years to reflect decision-makers mandate periods in Sweden. The results from comparing each trial arm to one another through the use of extended dominance are shown in Table 5 . When ranking the alternatives from the lowest to the highest net costs and comparing each intervention with the consecutive, bibliotherapy weakly dominated COPE, and COPE strongly dominated the rest. An ICER of US$ 2,629 was calculated for COPE in comparison to bibliotherapy.
Results
Net monetary benefits from eight sensitivity analyses are shown in Table 6 for each active intervention in relation to the waitlist, and for COPE versus bibliotherapy. In comparison to the base case model, the results varied marginally, except for the second and last analysis. In the second, the interventions' effects were estimated based on both "recovered" and "improved" cases (detailed definitions can be found in the technical report [30] ). The incremental net monetary benefits increased by up to 50% in some cases (Connect US$ 3,087 per child at base case to US$ 6,790). In the last analysis, where the time horizon was shortened to four years, the cost offsets dropped sharply, however the net monetary benefits remained positive. Overall, COPE and bibliotherapy dominated the waitlist control throughout the analyses. Throughout the analyses, the interventions were at least 90% likely to be cost-effective at a WTP threshold of US$ 80,000.
Discussion
Summary of findings
Using data from a randomized trial conducted in a "real-life" setting in Sweden, we estimated the longer-term cost-effectiveness of five parenting interventions and a passive waitlist control, for the prevention of persistent behaviour problems. Children aged 5-12 whose parents received an intervention to improve parenting management skills were followed until the age of 18 in a stochastic economic model. All the interventions were cost-effective at a threshold of US$ 80,000 per averted DALY, in comparison to the control group. By the principle of extended dominance, the additional cost for an extra averted DALY for COPE, in relation to bibliotherapy, was US$ 2,629. The results were robust through a series of sensitivity analyses that moderately changed the magnitude rather than the direction of the results.
Comparison to other work
In relation to other studies looking at the cost-effectiveness of parenting interventions, the results follow a similar directional pattern, indicating that they are good value for money. Using within trial estimates and individual level data, Herman et al. [59] showed that the monetary benefits generated from the parenting intervention New Beginnings Program, 15-years Long-term cost-effectiveness of parenting interventions after its implementation, were greater than the implementation costs when considering mental health services and criminal justice system costs. By applying secondary data for decision-analytic modelling purposes, a recent study has also shown that the Triple P parenting program, both delivered individually and in a group format, is cost-effective in the long-run for treating conduct disorders in Australia [25] . Bonin et al. [44] also used a decision-analytic model for a hypothetical parenting intervention for the prevention of persistent conduct disorder in the United Kingdom. She concluded that a parenting intervention may be cost-saving over a time period of 25 years to both the public sector and the society as a whole. O'Neill et al.
[20] estimated an economic rate of return of 11% in the long-run by the IY program through its effect on education, crime and unemployment by reducing conduct problems in childhood.
Policy and research implications
As both the EU health program and national agenda's for public health directs increasing attention and funds towards mental health, prevention and sustainability [1], it is beneficial to consider the evidence portrayed of the longer term impact of parenting interventions. As a critical issue, the sector responsible for providing these interventions, such as the social services in Sweden, may not be the ones' reaping the benefits. Discussion is therefore key to consider whether costs and benefits ought to be allocated proportionally to what is being gained by each sectors, and over different time periods. These type of longer-run analyses are also interesting from a sustainability perspective, and with a growing number of municipalities setting up social investment funds [60] , there is an interest in estimating the economic benefits from early interventions. However, visualizing benefits through forecasts that stretch up to 13 years post-intervention might not be of practical use, as many decision makers have short mandate periods, usually four years in Sweden, and a pressure to produce economically beneficial results within that limited timeframe. Hence, short-term political constraints may stand in the way of long-term sustainability goals, whereby regardless of the discount rate on future benefits, the gains might still not be taken into account. However, as the results from the final sensitivity analysis showed, the net monetary benefits remained positive; thus, it is still economically attractive to allocate resources to these interventions. To look at the results more in detail, bibliotherapy is an inexpensive yet relatively effective option and may be easily disseminated to target behaviour problems. As a first line option under budget constraints, it is generally preferable in comparison to the face-to-face delivered programs. If decision-makers are willing to make larger investments, COPE produces higher effects. One may consider delivering parenting interventions in a stepped-care model of different formats and doses depending on demand and available funding. However, the effects of such delivery needs further investigation.
Strengths and limitations
One of the major strengths of the current study is the possibility to compare several interventions within the same trial conducted in a "real-life" setting. This makes results more applicable to decision-making within public health, and may be relevant as economic evidence for priority setting. As the evaluated interventions are some of the most frequently used in Sweden, the head-to-head comparison of each intervention is of direct relevance. In addition, by using the statistical approach CS/RCI to estimate "recovered" cases, we are more likely to capture the individuals that have made a "real" improvement with an impact on costs. This is in relation to relying on cases/non-cases where many individuals could have made small changes around the clinical threshold, which would probably not lead to a discontinuation of using societal services.
As with previous studies within the area, the results are based on a limited costing perspective, which is likely to miss various societal impacts. Firstly, only health care and educational sector costs were included, and costs related to, for instance, the justice and voluntary sector, are missing due to lack of incremental cost data. In addition, costs are based on few studies, which makes cost estimated less robust. Secondly, parenting interventions are known to improve caregiver mental health [26] , but related costs are not included in the analysis. If results are to be used for decision-making, a broader perspective is recommended [61] . In addition, the data used in the analyses are to a large extent based on Swedish estimates and the sample of help-seeking parents who participated in the trial. Four different starting points were used in the model as the interventions are targeted (thus included children both below and above clinical cut-offs), hence the baseline prevalence may differ from the average parenting program group. Results should therefore be generalized with caution to other populations. However, we believe that as the original trial was implemented within a real-life setting where participating units were responsible for recruitment according to their normal procedures, potential bias is reduced. In addition, we did not include all possible transitions between the health states in the model to limit the amount of assumptions, due to limited data availability to inform such transitions. For instance, no transition was directly possible between CP and ADHP/CP. This may have underestimated the proportion of individuals with problems as they might have been forced to remit in the model, rather than shifting to another problem state in reality. In addition, oppositional defiant disorder (ODD) was excluded from the model, although it is highly comorbid with the included problem states, as well as measured in the original trial. However, it was not possible to include ODD as a problem state because it is not measured in the GBD. This may have affected both the general epidemiology, how the interventions' affect the problems and therefore the costs. However, the magnitude of such bias is difficult to estimate. It also remains important to consider, from an equity standpoint, who the beneficiaries of these interventions are [62] . Future work should collect enough data to perform sub-group analyses based on equity considerations, for instance to investigate whether socio-economic status, ethnicity etc. may mediate the cost-effectiveness results. Also, the health outcomes of children are based on parental-proxy rather than on self-report (as often done for estimating problem behaviours in children), which may have biased both the epidemiological and the effectiveness data. In addition, since there was no waitlist control after post-test measurement, we assumed that the proportion of recovered cases at post-test would be the same at follow-up for the waitlist. Other studies have shown conflicting results regarding sustainability of effects [16] , thus it is unclear whether or not our assumption overestimates the findings. However, as seen in one of the sensitivity analyses, excluding the follow-up effect measures does not have a large impact on the results. The results are also based on aggregated effectiveness and cost data. No cost data was collected alongside the trial, hence cost proxies were estimated from the literature. Nevertheless, probabilistic and univariate sensitivity analyses were conducted to analyse the potential over/under-estimations of the cost data.
Conclusion
The parenting programs evaluated in this study were cost-effective at a low willingness-to-pay threshold in relation to a waitlist control group. Bibliotherapy or COPE are the most efficient options when comparing interventions to one another, where bibliotherapy is the most inexpensive. However, if decision-makers are willing to invest more in return of higher effects on externalizing problems, the IY reduced the highest amount of DALYs. Results provide important evidence for sustainable investments in child health.
